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Discussion
Transcatheter occlusion techniques have become an increasingly
used alternative to surgical closure of the ASD, and various de-
vices are available for this.1-3 Comparison of transcatheter and
surgical closure of secundum ASD in children and adults reveals a
lower complication rate in the device closure group.3,4 Moreover,
in patients experiencing unsatisfactory device position, retrieval is
usually feasible at the time of implantation, followed by elective
surgical closure. If embolization (for which transcatheter retrieval
is unsuccessful) occurs, urgent surgical therapy is necessary.2,3,5
The most important reason for acute failure of these devices is
poor patient selection, device selection, or both.1,5 Other suggested
mechanisms are device-related failure, inadequate experience,2,5
poor defect rim to hold the device,1-3 and tearing of the interatrial
septum caused by catheter and device manipulation.2,5 A part or
the entire device might embolize to the right or left atrium, main
pulmonary artery, or even to other parts of the vascular tree on
both the right and left sides of the circulation. Once the device is
detached from its cable, it becomes difficult to retrieve, and de-
pending on its location, it might even become lethal.
Although transcatheter devices represent useful alternatives to
surgical closure in selected cases, they can be associated with
failures and, most importantly, with life-threatening complications.
Thus proper selection of patient and device is mandatory. Close
monitoring and facilities for emergency surgical intervention
should be available for all patients.
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Collision of the caval flows caused early failure of the
Fontan circulation
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In 1988, de Leval and colleagues1 demonstrated the impor-tance of fluid dynamics in Fontan circulation. They devel-oped the total cavopulmonary connection (TCPC), whichhas hemodynamic advantages compared with the traditional
atriopulmonary connection. In regard to the hemodynamics of the
cavopulmonary anastomosis, several studies demonstrated that
collision of caval flows at the connection resulted in high dissipa-
tive energy losses and that introduction of an offset between the
superior vena cava (SVC) and the inferior vena cava (IVC) inlets
reduced those losses.2,3 We describe an early failure of the Fontan
circulation caused by collision of the caval flows.
Clinical Summary
The patient was a 2-year-old girl with a diagnosis of tricuspid
atresia made soon after birth, for which a bidirectional Glenn
(BDG) anastomosis was performed at the age of 7 months. Pre-
operative catheterization data showed a mean pulmonary artery
(PA) pressure of 13 mm Hg, pulmonary vascular resistance of 3.8
U/m2, Nakata’s PA index of 252, and left ventricular ejection
fraction of 58%. Angiography showed that mitral valve regurgita-
tion was not present. The site of the BDG anastomosis was
deviated to the left side over the vertebra (Figure 1), suggesting
that a Fontan-type operation could be safely performed. Two
months after the catheterization, extracardiac TCPC was com-
pleted with interposition of an expanded polytetrafluoroethylene
graft (18 mm) between the right PA and the IVC. After Fontan
circulation was established, the patient demonstrated low cardiac
output syndrome; her heart rate was 190 beats/min and systolic
blood pressure ranged from 50 to 60 mm Hg. Despite the use of
inhaled nitric oxide therapy, the transpulmonary pressure gradient
between the central venous pressure (17-19 mm Hg) and the left
atrial pressure (2-3 mm Hg) increased. Immediate echocardiogra-
phy showed marked dilatation of the IVC and collapse of the left
ventricular cavity. No blood flow was detected in the extracardiac
conduit. Urgent angiography was performed. Impingement of SVC
flow onto IVC flow and marked stagnation of blood flow in the
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conduit were seen (Figure 2). Urgent reoperation was performed
with cardiopulmonary bypass. After division of the BDG, the
anastomosis between the conduit and the right PA was intact, and
no thrombus was observed in the conduit through the incision of
the PA. The BDG anastomosis was transferred to the right side to
avoid significant collision of the caval inlet flows, which was
speculated to be the cause of acute failure of the Fontan circula-
tion. Subsequently, the patient’s hemodynamics significantly im-
proved. Postoperative echocardiography showed that both the SVC
and IVC flows smoothly passed toward the PA. Both the left
ventricular volume and the IVC diameter became normal. Al-
though the patient had a severe chylothorax, which required pro-
longed pleural drainage and a fat-restricted diet, she was dis-
charged in good condition.
Discussion
A computational simulation model by de Leval and colleagues1
demonstrated that flow competition between the SVC and the IVC
can occur in TCPC. They also reported a decrease in dissipated
power with an increase of at least 1.0 cm in caval offset. In vitro
flow experiments by Sharma and colleagues4 showed that as the
offset is increased from 0.0 to 0.5 SVC diameters, the power losses
decrease significantly. However, there is no report of an actual
patient with early failure of the Fontan circulation caused by
collision of the SVC and IVC flows. In our case, the addition of an
offset dramatically improved the Fontan circulation. Gentles and
colleagues5 described that unexpected low cardiac output was
noted in 20 of 500 patients (4.0%) undergoing the Fontan opera-
tion. They did not refer to the caval offset; however, early failure
of the Fontan circulation might have been the result of dissipative
energy losses of caval return in these patients.
Sharma and colleagues4 advocated that surgical strategies for
these patients should include a caval offset of 1.0 to 1.5 diameters
optimally. Although anatomic space constraints in some clinical
situations may allow only a minimal offset, we should try to design
an adequate anastomosis to prevent significant energy losses.
Conclusion
We describe a patient with early failure of the Fontan circulation
caused by collision of the caval flows. The addition of caval offset
dramatically improved the Fontan circulation. Our clinical expe-
rience showed that energy losses in blood flow might be an
important factor that may impair the Fontan circulation.
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Figure 1. Angiography of the SVC anastomosis to the PAs shows
that the BDG is shifted to the left side over the center of the
vertebrae.
Figure 2. A, Urgent angiography 15 seconds after injection of
contrast medium shows the marked delay of blood flow from the
conduit to the IVC. The tip of the catheter was located in the left
PA, and the contrast medium was washed out immediately by
blood flow from the BDG. B, At 30 seconds after injection. The
contrast medium was stagnant.
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